C & EE 141 


Simple Shear Connections 
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Simple Shear Connections 


Single plate 


angles 


(a) Double angle (b) Single angle (c) Shear tab 


Figure 11.1 part 1 
© John Wiley & Sons, Inc. All rights reserved. 
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Simple Shear Connections 


e Used to support simply supported beams at end 
connection 


e No moment resistance required 


e Must allow some rotation to occur at beam end 
(per pinned end assumption) 


e Several types standardized with design tables in 
Part 10 of AISC SCM 


e Single-Plate Connection is most common in local 
construction 
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oingle-Plate Connections 


Beam reaction applied to plate 


| olts between plate 
Eccentricity and beam 
must be 
considered 


in design 


late reaction resiste 
y supporting member 


Plate welded to supporting 
member with fillet weld each side 
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oingle-Plate Connections 


e See Page 10-102 of AISC SCM for design procedure 


* Ensures that limit state is flexural yielding of connecting plate (not 
bolt shear) 


e Conventional Configuration: may use Table 10-10 
e 2 to 12 bolts located in a single line 
* Distance from bolt line to supports x 3 1/2" 
e Standard or short-slotted holes 
* Vertical edge distance per Table J3.4. 
* Horizontal edge distance 2 2d 
* Plate or beam web thickness limited per Table 10-9 
e Weld at each side of plate to supporting member is (5/8)tpiate 
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oingle-Plate Connections 


| 3 Table 10-10a (continued) 
/4-^-  Single-Plate Connections Piate 


— Bolt, Weld and Single-Plate Fy = 36 ksi 
"s Available Strengths, kips 


Plate Thickness, im. 


Bom Thread Hole ` 
Group Cond. Type 


+ + + + 


We | Yy 
LFO 3*3 3t 


" STD 522 625 625 
Group ` | ssur 520 625 625 
A Y STD 522 553 7&3 
4 | | | Ssur 520 55.1 78.1 
(L = 114) M STD 522 553 7&3 
Group | | ssur 520 55.1 78.1 
B x STD 522 553 783 
| | | | Ssur 520 55.1 78.1 
| Wels Size me | Ch | CA | Y» | Y» | ON | 
STD = Standard haies N = Threads lc uded 
SS = Sno't-d27zd holes transverse to cirection cl hed X = Threads excuded 


— Indcates that the plate th c«qness is grez»er Dan me maximum given n “ack 10-9. 


p M 2 tT A<AÆ—-i 
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Beam Coping 


e Beam-to-Girder connections Cope 


may require “coping’ of the 
top flange to accommodate 
connections within 
parameters of Conventional 
Configuration 
* Must check block shear on 

connected beam web when 
top flange is coped 


otential block 
shear failure 
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Example 
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C & EE 141 


Welded Connections 
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Welded Connections 


e EXTREMELY IMPORTANT TOPIC!!!! 


e Inadequate connection design is the 

cause of many structural failures 
* Definition 

* A process by which metallic parts 
are connected by heating their 
surfaces to a plastic or fluid state 
and allowing the parts to flow 
together and join (with or without the 
addition of other molten metal) 
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Pros & Cons 


e Pros e Cons 

e Savings in steel * Need welding 
material equipment 

e Broader application * Fire safety issues 
than bolting * Toxicity issues 

* Aesthetically more * Time consuming 
pleasing than bolts compared to bolting in 

* Easy to correct errors the field 
in the field e 


Preheat requirements 


Testing requirements to 
ensure good weld 
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Welding Processes 


e SMAW - Shielded Metal Arc Welding 
e “Stick” welding (hand held electrode is the "stick") 
* General purpose; used for most building construction 
e FCAW - Flux-Cored Arc Welding 
* Flux filled steel tube electrode fed from a reel 
* High production/automation 
e SAW — Submerged Arc Welding 
* Electrode is fed from a reel (usually automated) 
e Suitable for long straight and circumferential welds 
e GMAW — Gas Metal Arc Welding 
* Arc is shielded by gas cloud (typ. oxygen or argon) 
* High production/automation 
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Welding a Column Splice 


http://www.youtube.com/watch?v-u54onuOR5TQ 


Types of Welds 


e Fillet weld 


e Groove weld 
e Partial penetration groove weld 
* Complete penetration groove weld 


e Plug & slot welds 


> Flare 
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Fillet Weld 


e Most common, 
simplest weld 


e Doesn't require 
preparation of 
members to be 
joined 

* Generally least 
expensive 
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Fillet Weld 
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Fillet Weld Throat 


PA face Weld face 

Theoretical Theoretical 

> face > face 

= Theoretical K Theoretical 
throat throat 

Root —” Root -7 
Leg Leg 
1. EQUAL LEG (convex) 2. UNEQUAL LEG (not desirable) 


* Theoretical throat = Cos(45°) x Leg 
e Theoretical throat = 0.707 x Leg 
e Theoretical throat also called “effective throat” 
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Partial Penetration 
Groove Weld 
* Weld extends through 


part of member 
thickness 


* Requires preparation 
of members prior to 
weld 
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Complete Penetration 
Groove Weld 


e Weld extends through full 
member thickness 

* Requires preparation of 
members prior to weld 

* Requires additional “NDT” 
inspection 
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Plug & Slot Welds 


e Hole or slot cut in one 
of members to be 
joined 

Hole filled partially or 
fully with weld metal 


* Used to stitch parts 
together 

Not a reliable choice 
for transferring shear 
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Flare Groove Weld 


* Very common weld 


* Proper designation for 
welding the edge of a 
curved member to a flat 
one (often mistakenly 
called-out as a fillet 
weld) 

e Doesn't require 
preparation of members 
to be joined 
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HORIZONTAL VERTICAL OVERHEAD 


I CHOOSE LINCOLN. 


Table 8-2 
Prequalified Welded Joints 
Symbols for Joint Types 
a butt joint BC butt or comer jont 
t corner joint TC T- of corner joint 
T Tjant BTC — Dii T- or corner joint 


Symbols for Base Metal Thickness and Penetration 
L Imteð thickness, complete-joint-penetration 


U ulimRed thickness, compiets-jont-panetration 
p partial-jont-cenetrato 
‘Symbols for Weld Types 
1 square-qroowe 6 single-U-groove 
2 single-V-roove 7 doutie-U-proove 
3 double-V-groove a single-J-gronve 
t single-Devel-groove : Tm 
5 Gouble-bevel-poove fare-tevel-g 
Rss 
5 submerged arc welding (SAA) 
G gas metal arc welding [GMAW) 
F lux cored arc weiding [FONW] 
‘Symbols for Welding Positions 
F fat 
H horizontal 
V vertical 
0H overhead 
Symbols for Joint Designation 
The lower case letters feg., a, b, €, d, ec.) are used to diferentiste between joints that would otherwise have the seme joint 
desienadon. 
Symbols for Dimensions 
A Roat opening 
u,B Groove anges 
Ü Root tace 
T + X U-groove radius 
S, Sı, Sz PUP groove weld depth of groove 
EE, E; PJP groove weld sizes corresponding 1o S, Sr. 52, respective! 
Notes to Prequalified Welded Joints 


Not prequalified for gas metal src welding (GMAW) using short clrcufing transfer mor GTAM. Refer to AWS D1.1 Annex A. 


1 

2 Jont ts welded trom one side only. 

3 Cyclic load application limits these joints tn the horizontal welding postion. Aesar to AWS D1.1 Section 2.18.2. 

4 Beckgeuge root to sound metal before welding second side. 

5 SMAW joints may be used for prequalified GMAW (except GMAW-5) and FCAN. 

6 Minimum effective throst thickness E) as shown In AISC Specification Table J2 3; S ss specified on drawings. 

7 F flet welds are used in bullcings to reimiores groove welds in corner and T-joints, they shell be equal to '/4 Ta, but 
Need not exceed %e In. Groowe welds In corner and T-Joints of cyclically loaded structures shall be reinforced with tiet 
welds equal 12 1⁄4 Ts, but need not exceed “ein. 

B Doubk-eroowe welds may have grooves of unequal depth, but the depth of the shalower groove shell be mo less than 
one-fourth of the thickness of the thinner pert joined. 


9 Double-groove welds may have grooves of unequal depth, provided these conform to the limitations of Note 6. Also, the 
efective throst thickness (E) applies ndwidually to sach groove. 
10 The ofentaton of the two members in the joints may wary from 135* to 180* for butt joints, or 45° to 135° for comer 


Joints, or 45° to 90° for T-Jolnts 

11 For comer Joints, the ouside groove preparstion may be In either or both members, provided the basic groove 
configuration Is not changes and adequate edge distance Is maintained to support the welding operstions without 
excessive edge meting 

12 Btactive throst thickness [E) Is based on joints welded flesh, 


Table 8-2 (continued) 
Prequalified Welded Joints 


mm Zool [eels | ee = 
oS Ic 


Supplementary Weld Symbols 
vid An rar dedecora 
Convex e mmn soc 
ri il 


Standard Location of Elements of a Welding Symbol 


fr Gas ah etnies 
angie OF Countersink 
for plug welds 


Í — 


so Pitch (c. to c. spacing) 
/ of welds in inches 


Í Arrow connects reference line to arrow side 
| ofjor4 Use break as at A or B to signify 
that arrow is pointing to the grooved 
member in Devel or J-grooved joints. 


Size, weld symbol, length of weld, and spacing must read in that order, from left to right, along the reference 
ine. Nether orientation of reference nor location of the arrow alters this rule. 

The perpendicular leg ot A, V, F, I, wek symbols must be at left. 

Dimensions of filet welds must be shown on bath the arrow side and the other side. 

Symbols apply between abrupt changes in direction of welding unless governed by the “all around" symbol or 
otherwise dimensioned. 

These symbols do not explicitly provide for (ye case that frequently occurs in structural work, where duplicate 
material (such as stifleners) occurs on the tar side of a web cc gusset plate. The fabricating industry has 


adopted Pis convention: that when the biling of Ihe detail material dscioses the existence of a member on the 
far side as well as on the near side, the waking shown for the naar side shall be dupkcated on the far side, 


Pg 0-04 € 


35 


Basic Weld Symbols 


Table 8-2 (continued) 
Prequalified Welded Joints 


Basic Weld Symbols 


Groove or Butt 
or Flare 
Back V Bevel J Flare V | Bevel 


Supplementary Weld Symbols 


Weld All supplementary 
Backing Around | Field Weld | Flush | Convex | weld symbols, see 
AWS A2.4 


Basic Weld Symbols 


B= ai 
Finish symbol Groove angle or included 
angle or countersink 
Contour symbol for plug welds 
Root opening, depth — Length of weld in inches 
of filling for plug 
and slot welds — 
Å Pitch (c. to c. spacing) 
Effective throat » of welds in inches 
Depth of preparation a” 
or size in inches Field weld symbol 
Reference line 
Weld-all-around symbol 
Specification, process, : 
or other reference EM S(EM ` 
— 4 
1 A B 
Tail (omitted when — / / Ze 
reference is not used) Arrow connects reference line to arrow side 
| EI ts in thi of joint. Use break as at A or B to signify 
Basic weld sumbel | —— that arrow is pointing to the grooved 
E area roman ae member in bevel or J-grooved joints 
— 4 Or detail reference shown when tail g J : 


U —— —  andarrow 
| are reversed. 


| V. fillet weld, 


each side of 
plate 


Example Weld Callouts 


7/8” fillet weld, 
Made in field 


TICE á 
Pn ne naa a a ee ree ` 
T a Lo [ AT 1 
© X) © TR CONTRACTORS | 
- OPTION IN - 
L Io (6/8) LIEU OF gd 
t H — I ————————— E bred ——— , 
3" Ø GROUT HOLE n 
AS REQUIRED N 
2 1/2 TYP 


(3'-1 3/4" FOR W12x COL) 


5/8” effective throat PJP 
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Filler Metal Requirements 


e Weld filler metal 


User Note: The following User Note Table summarizes the AWS D1.1/D1.1M 


typical ly d es ig nated provisions for matching filler metals. Other restrictions exist. For a complete list 
of base metals and prequalified matching filler metals see AWS D1.1/D1.1M, 
E60XX, E/OXX, etc. Table 3.1. > Lis d = 


. Strength of filler metal 
D EN bv heel buts 


b k Á A36 > 3⁄4 in. A572 (Gr. 50 & 55) 
A588* A913 (Gr. 50) SMAW: E7015, E7016, E7018, E7028 
n u m e rS ( S |) A1011 A992 Other processes: 70 ksi filler metal 
. A1018 
* Filler metal strength 
A A913 (Gr. 60 & 65) 80 ksi filler metal 
req u | re M e n ts Va ry “For corrosion resistance and color similar to the base metal, see AWS D1.1/D1.1M, subclause 
3.7.3. 


according to base Notes: 


Filler metals shall meet the requirements of AWS A5.1, A5.5, A5.17, A5.18, A5.20, A5.23, A5.28 


= or A5.29. 
M eta | : G ive n by Al S (S In joints with base metals of different strengths, use either a filler metal that matches the higher 


strength base metal or a filler metal that matches the lower strength and produces a low hydro- 


specification Å gen deposit. 
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Design Strength of Welds 


Fillet Welds 
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— TABLE J2.5 (continued) 
Available Strength of Welded Joints, 
ksi (MPa) 
Nominal | Effective 
u— ÓÜ Stress 
Load Type and (Fhgm or Required Filler 
Direction Relative | Pertinent Fnw) Metal Strength 
to Weld Axis Metal ó and Q | ksi (MPa) Level [1b] 


FILLET WELDS INCLUDING FILLETS IN HOLES AND SLOTS AND SKEWED T-JOINTS 


| Base - Governed by J4 
Shear 6 =0.75 Filler metal with a 
Weld 0.60Fexx'" | See J2.2a strength level equal 
Q = 2.00 
to or less than 


Tension or Tension or compression in parts joined parallel matching filler metal 
compression to a weld need not be considered in design is permitted. 
Parallel to weld axis of welds joining the parts. 


PLUG AND SLOT WELDS 


Shear Governed by J4 Filler metal with a 


Parallel to faying = ahd it 
0.60Fexx | See J2.3a | matching filler metal 
is permitted. 


surface on the 
effective area 

à! For matching weld metal see AWS D1.1/D1.1M, Section 3.3. 

©! Filler metal with a strength level one strength level greater than matching is permitted. 

{£l Filler metals with a strength level less than matching may be used for groove welds between the webs and 
flanges of built-up sections transferring shear loads, or in applications where high restraint is a concern. In 
these applications, the weld joint shall be detailed and the weld shall be designed using the thickness of 
the material as the effective throat, where ò = 0.80, Q = 1.88 and 0.60FExx is the nominal strength. 


i 


re =R Blk 


‘ Alternatively, the provisions of Section J2.4(a) are permitted provided the deformation compatibility of the 
various weld elements is considered. Sections J2.4(b) and (c) are special applications of Section J2.4(a) 
U CL that provide for deformation compatibility. 


Strength of Fillet Welds 


F, =0.60 Foy À, 


* Fg = strength of the weld filler metal 
* Ans = net area (effective throat x weld length) 
* (D - 0.75 
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Strength of Fillet Welds 


Material B 


Fig. C-J2.10. Shear planes for fillet welds loaded in longitudinal shear. 


Plane (1)-1) for material (A) 


Plane (2)-(2) for weld metal 


Plane (3)-(3) for material (B) 
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Other Fillet Weld Considerations 


* Minimum size per Table J2.4 


e Must have enough weld heat to prevent rapid 
cooling (based on size of plates being joined) 


TABLE J2.4 
Minimum Size of Fillet Welds 


Material Thickness of Minimum Size of 
Thinner Part Joined, in. (mm) Fillet Weld, £) in. (mm) 


To 1⁄4 (6) inclusive 1/2 (3) 
Over '/4 (6) to 1⁄2 (13) 3/16 (5) 
Over 1⁄2 (13) to 3⁄4 (19) 1/2 (6) 
Over 3/4 (19) 5/16 (8) 


lal Leg dimension of fillet welds. Single pass welds must be used. 
Note: See Section J2.2b for maximum size of fillet welds. F A 
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Other Fillet Weld Considerations 


e Maximum size 
e For edges less than 74", not greater than the thickness of material 
* For edges 1⁄4” or more, use thickness of material minus 1/46” 
* Minimum effective length 
* 4 x nominal size 
e Maximum effective length and reductions 
e € 100 x leg » no strength reduction 
e > 100 x leg » strength reduction = p = 1.2 — 0.002(L/w) < 1.0 
e > 300 x leg » strength reduction = p = 0.6 
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Other Fillet Weld Considerations 


Fig. C-J2.2. Longitudinal fillet welds. 
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Weld Strength 


Complete Penetration Joint Welds 
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TABLE J2.5 


Available Strength of Welded Joints, 


ksi (MPa) 


Nominal | Effective 
Stress 
Load Type and (Fnem or 
Direction Relative | Pertinent 
to Weld Axis Metal 


Tension Strength of the joint is controlled 
Normal to weld axis by the base metal 


Compression Strength of the joint is controlled 
Normal to weld axis by the base metal 


Tension or Tension or compression in parts joined parallel 
compression to a weld need not be considered in design 
Parallel to weld axis of welds joining the parts. 


Shear Strength of the joint is controlled 
by the base metal 


Required Filler 
Metal Strength 
Level [a1] 


Matching filler metal shall 
be used. For T- and 
corner joints with backing 
left in place, notch tough 
filler metal is required. 
See Section J2.6. 


Filler metal with a 
strength level equal to 
or one strength level 
less than matching 
filler metal is permitted. 


Filler metal with a 
strength level equal to 
or less than matching 

filler metal is permitted. 


Matching filler metal 
shall be used." 


Strength of CJP Welds 


e The strength is that of the Base Metal 
e The purpose of a CJP is to develop the 
FULL strength of the Base Metal 
* Most expensive type of weld 
* Process highly controlled 
* Increased Testing and Inspection 
* More preparation and clean-up 
* Use only when absolutely necessary 
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Table 8-2 (continued) 
Prequalified Welded Joints 
Complete-Joint-Penetration Groove Welds 


Single-V-groove weld (2) © Tolerances | 


Corner joint (C) As EM As Fit-Up 
C 7 = (see 3.13.1) 


Base Metal Thickness | Allowed m 
Í i Groove Preparation 
E. esos has Welding | Shielding 
— ae Root ii. Groove Angle Positions | for FCAW 
|. Rea | o- | m | — |50) 
inc FVOH | — | 5,10 | 
tee EU | — | 510 | 
F, V, OH L.— JN 
GMAW 
* M zd o 
rcaw | C02 6r U F, V, OH 
For] F, V, OH 


Caw [oras [amare | «* | t | — | 
"wel ees | o Ja rrr 


Weld Strength 


Partial Joint Penetration Welds 
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TABLE J2.5 
Available Strength of Welded Joints, 
ksi (MPa) 


Nominal | Effective 
Stress Area 
Load Type and (Fngu or | (Asm or Required Filler 
Direction Relative | Pertinent Fnw) Awe) Metal Strength 
to Weld Axis Metal $ and Q | ksi (MPa) | in.? (mm?) Level [1h] 
PARTIAL-JOINT-PENETRATION GROOVE WELDS INCLUDING FLARE V-GROOVE 
AND FLARE BEVEL GROOVE WELDS 


. Base Fy See J4 
Tension 
Normal to weld axis 
Weld 0.60Fgxx | See J2.1a 


Column to base piate Compressive stress need not be considered 


and column splices i : ipis 
designed per in design of welds joining the parts. 


Section J1.4(1) 


Compression F, "m 
Connections of ; : 
members designed Filler metal with a 
to bear other than strength level equal 
columns as described 0.60Fgxx | See J2.1a to or less than 
in Section J1.4(2) matching filler metal 
k is permitted. 


= 0.90 
Compression Base 9 Fy See J4 
à £2 — 1.67 
Connections not 
finished-to-bear es 0.90Fgxx | See J2.1a 


Tension or Tension or compression in parts joined parallel 


compression to a weld need not be considered in design 
Parallel to weld axis of welds joining the parts. 


Governed by J4 


$ = 0.75 


otrength of PJP Welds 


Weld Metal: À =0.60F.,,, À, 


Base Metal: R, = Fay, Any 


e Fey = Strength of the Base Metal (F) 

e Am = cross-sectional area of Base Metal 

e FE = strength of the weld metal 

e A,, = net area (effective throat x weld length) 
e D = 0.80 for weld 

e @ = 0.75 for base metal 
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Table 8-2 (continued) 
Prequalified Welded Joints 
Partial-Joint-Penetration Groove Welds 


Single-bevel-groove weld (4) 
Butt joint (B) 

T-joint (T) 

Corner joint (C) 


Welding | Weld Size 


Opening i 
Root Face | AS Detailed | ASFICUD | Positions 
Groove Angle! (See 3.12.3) | (see 3.12.3) 


R=0 +'/16,-0 | +18, -\/16 


Base Metal Thickness Groove Preparation 
Welding 
Process 


Designation 
f = '/amin +U, 0 zh 


BTC-P4 
a=45 | +10°,-0° | + 10°,-5° 
R=0 +1/16,-0 | +18, —\/16 
GMAW dod dx mi 1 

FCAW BTC-P4-GF /a min f = '/amin +U, 0 +'/16 
a=45 | +10°,-0° | + 10°,-5° 
R=0 +0 +1/16, —0 

SAW TC-P4-S hs min 


f = '/«min +U, 0 EXIIT 
a= 60° | 4105, -0* | + 10°,-5° 


Effective Throat of PUP Welds 


TABLE J2.1 
Effective Throat of 
Partial-Joint-Penetration Groove Welds 


Welding Position 
F (flat), 
H (horizontal), Groove Type 
V (vertical), (AWS D1.1/D1.1M, 
Welding Process OH (overhead) Figure 3.3) Effective Throat 


| Shielded metal arc (SMAW) | metal arc | Shielded metal arc (SMAW) | J or U groove 


Gas metal arc (GMAW) 


Flux cored arc (FCAW) 60° V 
depth of groove 


J or U groove 
Submerged arc (SAW) 
60° bevel or V 


Gas metal arc ( ea : 
45? bevel 


Gas metal arc (GMAW) V. OH minus '/s in. 
Flux cored arc (FCAW) , 


(3 mm) 
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Weld Strength 


Flare Groove Welds 
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Table 8-2 (continued) 
Prequalified Welded Joints 
Flare-Bevel Groove Welds 


Flare-bevel-groove weld (10) 
Butt joint (B) 

T-joint (T) 

Corner joint (C) 


Base Metal Thickness Groove Preparation 
Welding Joint ue unlimited) — rene 


Process Designation Root Face | As Detailed | As Fit- 
T Ty T3 


Allowed Total 
Uo Welding Weld Size ! Notes 
Bend Radius" | (sep 3.12.3) | (see 3.12.3) — 
| R=0 | ae | +10, | 
f="emin 4U,-0 | +U, -he 
3T 


C= min 4,0 | 4,0 


late 0 | ae ne | 
GMAW 3/16 +U, 0 +U, -!/16& 


FCAW-G BTC-P10-GF — . Å 37; 


C= 7 min! +U, -0 4, -0 
R=0 | +0 Í +14,-07 | 
f= min! +U, 0 +U, "N16 


3T: 
“+ min 20,0 +U,-0 


SAW B-P10-S 


Effective Weld Size of Flare Groove 
Welds 


TABLE J2.2 
Effective Weld Throats of Flare 
Groove Welds 


Welding Process Flare Bevel Groovel? Flare V-Groove 


lal For flare bevel groove with R < 3/8 in. (10 mm), use only reinforcing fillet weld on filled flush joint. 
General note: R = radius of joint surface (can be assumed to be 2t for HSS), in. (mm) 
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Questions? 
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Example Problem #1 


1/4” Hanger Plate 
(A572 Gr 50) 
welded to 


e Calculate the 


capacity of the connection plate 
welded , 
connection. Rigid 


Connection Plate 


e Fexx = 70 ksi 


Connection Detail 


Example Problem #1 


T 1/4” Hanger Plate 
(A572 Gr 50) 

welded to 

connection plate 


A572 Grade 50 Steel 
Fy = 50 ksi; Fu = 65 ksi 


Filler Weld Capacit T = 
Fexx = 70 ksi =o 


Strength of Connection: 
Yielding of plate: 


A, = W : 10" = 2.5 in? 


P, pr A, 
= 0.9 - 50 ksi : 2.5 in? 


= 113 kips 
Capacity of Weld: I S 
OP, = 00.6F,,,t.L 


= (0.75)(0.6)(70ksi)(0.707x3/16")(20") 10” 
= 83.5 kips Governs Connection Detail 


Rigid 
Connection Plate 


